
Project Introduction

The goal of this proposal is to design an electrospray micropropulsion thruster
that utilizes a novel propellant transport mechanism. This project is a
collaboration with a group of roughly 15 scientists at the Jet Propulsion
Laboratory (JPL). If successful, our thruster will be flight tested in space within
three years. Electrospray propulsion is based on a phenomenon whereby a
conductive fluid will spontaneously form sharp cones when in the presence of
an electric field. These stable protrusions are commonly referred to as Taylor
Cones, after the scientist that described their material-independent geometry.
Depending on fluid and field conditions, droplets of liquid or individual ions
may be emitted from the tip of a Taylor Cone, producing a self-sustaining
stream of charged particles. This technology has been applied to printer
heads, material synthesis and propulsion. Electrospray propulsion has been a
subject of research for several decades. It is an extremely attractive
technology for three main reasons. First, it is highly scalable as the non-
volatile liquid propellant used obviates the need for the robust plumbing
required by chemical propulsion systems or Hall thrusters. Since emitted
particles are accelerated linearly, they require no nozzle to redirect flow,
further reducing the thruster's footprint. Secondly, the thrusters are capable of
producing very precise thrust resolution due to the small mass of the emitted
ions and the fact that the electrospray process is controlled completely
electronically. The final benefit is the spectacularly high exhaust velocity that
these systems can produce. The exhaust velocity of a chemical propellant is
limited by the specific energy release of the chosen chemical reaction but
electrosprayed ions can be accelerated to arbitrarily high velocities.
Electrospray exhaust velocities can easily surpass those of chemical thrusters
by an order of magnitude. Exhaust velocity is proportional to specific impulse,
an important thruster characteristic that describes the fuel consumption rate
required to produce a given thrust. The combination of these three attributes;
scalability, precision and fuel efficiency, make electrospray thrusters perfectly
suited for use on small satellites (<40 kg). These satellites, including those in
the well-known CubeSat platform, are opening the door to space research and
entrepreneurship to a wide range of organizations. The capabilities of these
satellites are, however, limited as there exist few propulsion systems capable
of scaling down small enough to fit on, say, a 1U (10x10x10 cm) CubeSat.
Self-propelled small satellites would be more versatile than their free-floating
counterparts and would be capable of formation flying, making extremely low
cost, high-coverage satellite networks possible. Though Taylor Cones will
readily form on a flat fluid surface, it is preferable to localize the emitting area
by placing the fluid at the tip of a sharp protrusion. This also decreases the
electric potential required to produce emission, as the sharp convex tip will
enhance the local electric field. The majority of electrospray propulsion devices
achieve this using small, hollow needles. This internal flow presents a limit to
scalability, as microscopic needles are prone to clogging and require high
pressure to produce the flux required to sustain emission. The aim of this
proposal is to design an array of externally-fed electrospray emitters, including
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the bulk emitter shape and the micropatterned surfaces of both the emitter
and the planar substrate on which they are placed. By selectively patterning
the surfaces with grooves and channels of yet to be determined geometries,
the flow of liquid can be precisely controlled without any active pumping or
actuation. This project will require first principle derivation of free surface fluid
flow governing equations in model geometries and subsequent numerical
modeling.

Anticipated Benefits

The combination of these three attributes; scalability, precision and fuel
efficiency, make electrospray thrusters perfectly suited for use on small
satellites (<40 kg). These satellites, including those in the well-known
CubeSat platform, are opening the door to space research and
entrepreneurship to a wide range of organizations. The capabilities of these
satellites are, however, limited as there exist few propulsion systems capable
of scaling down small enough to fit on, say, a 1U (10x10x10 cm) CubeSat.
Self-propelled small satellites would be more versatile than their free-floating
counterparts and would be capable of formation flying, making extremely low
cost, high-coverage satellite networks possible.
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Organizations Performing
Work

Role Type Location

California Institute of
Technology(CalTech)

Lead
Organization

Academia Pasadena,
California

Primary U.S. Work Locations

California

Project Website:

https://www.nasa.gov/directorates/spacetech/home/index.html

Technology Maturity
(TRL)

Applied
Research Development Demo & Test

Technology Areas
Primary:

TX01 Propulsion Systems
TX01.2 Electric Space
Propulsion

TX01.2.2 Electrostatic
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Earth
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